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628a Wednesday, February 29, 2012endoribonuclease (RNase) both residing on its cytosolic portion. Upon ER
stress, the N-terminal luminal domain of IRE1a becomes dimerized. The di-
merization induces the juxtaposition of the kinase domains, which conse-
quently trans-autophosphorylate and activate the RNase activity to initiate
splicing of the XBP1 (X-box binding protein 1) mRNA. Activated IRE1a
up-regulates several pro-apoptotic genes to contribute to ER stress-induced ap-
optosis. Recently, we found that palmitate, a saturated fatty acid, activates the
kinase and RNase activities in human hepatocellular carcinoma (HepG2) cells.
However, the molecular mechanism how palmitate regulates the enzymatic ac-
tivities of IRE1a has not been identified. We first addressed whether palmitate
is involved in the direct physical interaction with the IRE1a protein. Using
fluorescence polarization (FP)-based binding assay, we confirmed that palmi-
tate binds to the cytosolic domain containing the kinase and nuclease domains,
but not the luminal domain of IRE1a. Molecular dynamics simulations with the
cytosolic domain of IRE1a suggested several amino acid residues (i.e. R635,
R722, R864) potentially interact with the palmitate molecule. Site-specific mu-
tation experiments further confirmed that the residues play an important role on
the regulation of IRE1a activities. The computationally-assisted biochemical
and biophysical studies provide insights on the molecular mechanisms by
which palmitate initiates ER stress through IRE1a as well as possibly on the
therapeutic efficacy of kinase inhibitor/activators.Apoptosis
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The anti-apoptotic integral membrane protein Bcl-2 belongs to the Bcl-2 pro-
tein family, which functions as a major gatekeeper in the mitochondrial apopto-
tic pathway. This protein has been found to be highly over-expressed in many
cancer tumors and also been shown to be involved in the inherent resistance to
anti-cancer drugs. Our research focuses on the Bcl-2 protein and its interplay
with both membranes and the pro-apoptotic Bcl-2 family protein Bax. Bax is
the counter-player of Bcl-2 and is upon activation translocated from the cytosol
to the mitochondrial outer membrane where it forms pores, leading to release of
cytochrome c and subsequently cell death. So far we have been working on the
expression and purification of Bax and Bcl-2, and managed to isolate full-
length Bax using E. coli as expression system. For Bcl-2 we have performed
cell-free expression, and have succeeded in the purification of the full-length
protein, solubilized with detergent1. The next step is to characterize the pro-
teins when they are reconstituted into model membranes, using methods such
as CD and solid state NMR spectroscopy. We are especially interested in
how the presence of oxidized lipids influences the protein-protein and
protein-membrane interactions, mimicking the apoptotic conditions triggered
by reactive oxygen species. In addition, we want to study Bax and Bcl-2 in
the presence of intact, functional mitochondria, thus more closely mirroring
the in vivo conditions of the proteins.Our ultimate goal is to provide structural
information of the membrane-mediated mechanism underlying the action of
Bcl-2 as a potent inhibitor of cell death, information crucial for the develop-
ment of novel anti-cancer drugs.
1. Pedersen A, Wallgren M, Karlsson B. G., Gro¨bner G. (2011) ‘‘Expression
and purification of full-length anti-apoptotic Bcl-2 using cell-free protein syn-
thesis’’ Protein Expr. Purif., 77, 220–223.
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Proteins of the Bcl-2 family are important regulators of apoptosis, and contrib-
utors of various diseases. Pro-apoptotic Bax proteins activated by BH3-only
proteins translocate from the cytosol to the mitochondria, forming oligomers
to permeabilize the mitochondrial outer membrane and initiate apoptosis.
The underlying molecular mechanisms remain unclear. In this study we as-
sayed Bax interactions with each other and with a model mitochondrial mem-
brane. The results show that dimerization of Bax proteins in cytosol facilitates
the membrane binding. Interaction with a peptide containing the BH3 region of
Bax enhances both events, so does point mutations in Bax. Other mutations that
block specific conformational changes in Bax also block the dimerization and/or membrane binding. Our study therefore suggests that Bax interaction in cy-
tosol, binding to membrane and conformational changes are coupled reactions
that eventually lead to permeabilization of the mitochondria outer membrane,
thereby the potential targets for therapeutic interference. (The work was sup-
ported by the NIH grant GM062964 and the OCAST grant HR 10-121 to J.L.)
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The Bcl-2 family proteins regulate the initiation of apoptosis through protein-
protein interactions that are often membrane dependant. The proapoptotic pro-
tein Bax is an attractive drug target to modulate apoptosis since it plays a vital
role in mitochondria outer membrane permeabilization (MOMP), the point of
no return in apoptosis. Bax monomers oligomerize to form pores in the mem-
brane leading to the release of mitochondrial contents that triggers a caspase
cascade killing the cell. The size and distribution of Bax pores on the membrane
is poorly understood although much work has been done using liposome sys-
tems. To address this, we established a novel mitochondria-like planar mem-
brane system with the potential to observe individual Bax molecules and
single oligomeric pores. The system was evaluated to display the properties
of a biological membrane and to allow binding by full length cBid and Bax la-
belled with fluorescent dyes. Protein binding was directly assessed using con-
focal microscopy and characterized by fluorescence correlation spectroscopy
(FCS), fluorescence intensity distribution analysis (FIDA) and single particle
detection. The binding properties of Bax to the planar membrane was compared
to its binding properties to liposomes, which were assessed separately using
fluorescence fluctuation methods.
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The time-dependent behavior of Ca2þ in statistically significant number of live
apoptotic cells in the same population is measured for the first time (along with
behavior of other apoptosis markers phosphatidyl serine and caspase-3/7). The
Ca2þ dynamics shows predominantly a single peak behavior at the early stage
but also multiple peak behavior in a small fraction of the cells. These data en-
able for the first time mathematical modeling of the Ca2þ dynamics in apopto-
sis. Towards this end we propose a physical model motivated by the role of
cytochrome c binding to the IP3R in the endoplasmic reticulum membrane
thereby enhancing the probability of Ca2þ release as demonstrated by Boehing
et al. (Nat Cell Biol, 2003, 5, 1051). The IP3R opening probability under the
influence of cytochrome c is modeled as a modification of the probability in
its absence in non-apoptotic cells (Mak et al. PNAS, 1998, 95, 15821). Coupled
ordinary differential equations for the dynamics of Ca2þ and cytochrome c are
formulated and solved for the behavior under nonapoptotic and apoptotic con-
ditions. The results are qualitatively consistent with the overall observed dy-
namics of Ca2þ, including the appearance of multiple peak behavior for
certain ranges of the parameter space. The detailed analysis of the model indi-
cates that the binding of cytochrome c to IP3R is the main source of cytosolic
Ca2þ elevation in apoptosis while the active pumps on the plasma membrane
provide the sink for the elevated cytosolic Ca2þ to return near the base level.
The experimentally measured Ca2þ dynamics exhibit a significant cell-to-cell
variation inherent to the stochastic nature of the underlying biochemical pro-
cesses. Such variations are manifest in the modeling in terms of the uncertain-
ites of the initial conditions in different cells upon the intiation of the apoptotic
stress.
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The membranes of healthy lymphocytes normally resist hydrolysis by extracel-
lular phospholipase A2 (sPLA2). However, they become susceptible during the
process of apoptosis. Previous experiments have demonstrated the importance
of certain physical changes to the membrane during cell death such as a reduc-
tion in membrane lipid order and exposure of phosphatidylserine on the mem-
brane surface. Nevertheless, those investigations also showed that at least one
additional factor was required for rapid hydrolysis by the human group IIA
sPLA2 isozyme (hGIIa). This study was designed to test the possibility that ox-
idation of membrane lipids is the additional factor. Flow cytometry and
Wednesday, February 29, 2012 629aconfocal microscopy with a fluorescent probe of oxidative potential, BODIPY,
suggested that oxidation of the plasma membrane occurs during apoptosis stim-
ulated by glucocorticoid or thapsigargin. When oxidative potential was high,
the activity of hGIIa sPLA2 was enhanced more than 10-fold compared to
any other condition favorable to hydrolysis by other sPLA2 isoforms. More-
over, confocal microscopy with BODIPY and the vital stain propidium iodide
verified that sPLA2 preferentially attacked oxidized cells. Direct oxidation of
cell membranes with either of two oxidizing agents (TBHP and AAPH) also
stimulated hydrolysis by sPLA2. Both agents induced externalization of phos-
phatidylserine, although only TBHP caused a reduction in the apparent order of
membrane lipids. These results demonstrated that membrane oxidation strongly
stimulates sPLA2 activity, especially that of the hGIIa isoform. Interestingly,
the change in membrane order, previously thought to be imperative for high
rates of hydrolysis, was not required when membrane lipids were oxidized.
Whether phosphatidylserine exposure is still necessary with oxidation remains
unresolved since the two events could not be deconvoluted.
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Interactions of lipid membranes and macromolecules in general depend on the
pH of buffered solutions. However, pH buffers modify molecular interactions
in more than one way [1,2]. Here we conduct in vitro experiments with mam-
malian and bacterial cells to determine how common buffers such as 3-(N-mor-
pholino)propanesulfonic acid (MOPS) affect cell viability. We find that
primary rat lung microvascular cells do not survive in concentrations greater
than 125mM for MOPS compared to 40mM for KCl, and 50mM for
PEG400. In contrast, E. coli cells survived in concentrations up to 0.75 M
for KCl and 1MMOPS. This is ascribed to a protective effect from the bacterial
cell wall. Results are interpreted by comparison with previous measurements of
model membrane interactions in buffer solutions.
[1] Koerner et al., Biophys. J. 101, 2011.
[2] Peiro´-Salvador et al. Biochemistry, 48, 2009.
[3] van Haaren et al., Am. J. Physiol. Heart Circ. Physiol., 289, 2005.
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Early protein E2 of human papillomaviruses (HPV), that are associated with
cervical and anogenital cancers, regulates viral DNA replication and transacti-
vation of essential viral oncogenes. Apart from these functions, E2 protein from
high risk virus types such as HPV-16 and 18 triggers apoptosis in the host
cell. Although the exact mechanism is unclear, recent literature suggests that
in HPV-18 E2, the N-terminal transactivation domain directly interacts with
procaspase-8, a component of Death Inducing Signaling Complex (DISC) in
the extrinsic cell death pathway. This interaction bypasses the requirement of
upstream adaptor proteins which are essentially required for DISC formation,
thereby representing a novel adaptor-independent caspase activation pathway.
In this work, we dissected the binding interface of E2-procasapse-8 interaction
using an interdisciplinary approach employing techniques such as in silico, mu-
tational, biochemical and biophysical analyses. In vitro pull-down and co-
expression studies show that E2 specifically interacts with procaspase-8 death
effector domain (DED) B. We further delineated the minimal binding region in
DED B using different deletion constructs. Based upon docking analyses, site
directed mutagenesis of E2 was carried out and critical residues involved in this
protein-protein interaction were identified. Our results provide a molecular ba-
sis of this novel E2-procaspase-8 interaction and help in providing a model for
E2-induced apoptosis in high risk HPV types. This information may be utilized
in future studies to design E2 analogs so as to modulate procaspase-8 activation
and hence promote apoptosis.
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Age-related change of skeletal muscles has become a significant burden to our
society because it’s strongly related to the decline of physical activity. Muscle
cell apoptosis as one of intracellular mechanisms has been suggested in aging
skeletal muscles, but its mechanism remained unclear and the findings are di-verse. The purpose of this study is to investigate the characteristics of
apoptosis-related responses in denervated muscle atrophy of rat aging skeletal
muscles and to find the differences between young and old in completely dener-
vated and partial denervated muscles. In research laboratory setting, 25 young
(3 month old) and 25 aged (22 month old) male Sprague Dawley rats were used.
The right sciatic nerve of rats were completely denervated (CD) by transection
and partially denervated (PD) by crushing injury. At 2, 4 weeks after injury,
their muscles were resected for the measurement of muscle weights(MW), TU-
NEL assay and the expression of BAX and Bcl-2. The MW ratio per body
weight of aged rats was significantly lower than that of young rats 4 weeks after
PD. (P=0.002). The MW ratio after CD decreased in both group similarly. TU-
NEL positive nuclei of CD group were more prevalent than those of PD group
in both young and aged group (P<0.001; P=0.02, respectively). Old group
showed higher BAX and Bcl-2 expressions than those of young group after
PD but not after CD. In conclusion, apoptosis-related responses in partially de-
nervated muscle atrophy were more prominent in aging skeletal muscles com-
pared to young muscles but not in completely denervated muscles. This finding
indicates increased apoptotic responses of in the aged muscles are related to
low regenerative potential followed by denervation.Intrinsically Disordered Proteins
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My laboratory utilizes a diverse array of biophysical tools to unravel the mech-
anisms of protein misfolding and aggregation leading to amyloid fibril forma-
tion [1-4]. Polypeptide chain collapse of amyloidogenic intrinsically disordered
proteins (IDPs) has important consequences in protein aggregation. Using a va-
riety of prediction and spectroscopic tools, we have first established that an ar-
chetypal IDP namely k-casein adopts a collapsed ‘pre-molten-globule’ like
conformational ensemble under physiological condition [1]. Our results indi-
cated a change in the mean hydrodynamic radius from ~4.6 nm to ~1.9 nm
upon chain collapse.
We then took the ad-
vantage of two cys-
teines that are
separated by 77-
amino acid residues
and labeled them us-
ing thiol-reactive
pyrene maleimide.
This dual-labeled
protein demon-
strated a strong exci-
mer formation upon
renaturation provid-
ing a compelling evidence of polypeptide chain collapse under physiological
conditions (Figure 1). I will also discuss our recent results on biologically im-
portant amyloidogenic IDPs such as a-synuclein and disordered segment of hu-
man prion protein.
1. Jain et al. Biophys. J. 2011 (in press).
2. Bhattacharya et al. J. Phys. Chem. B. 2011,115, 4195–4205.
3. Jain et al. J.Fluoresc. 2011, 21, 615–625.
4. Bhattacharya et al. J.Fluoresc. 2011, 21, 1083–1090.
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Protein misfolding and aggregation results in a wide variety of diseases rang-
ing from Alzheimer’s and Parkinson’s to prion disorders, type II diabetes, and
systemic amyloidoses. Small oligomers of aggregation are often the suspected
toxic agent, yet they remain poorly characterized. This is in part because olig-
omeric states are difficult to isolate, since they may be unstable or transient
and often coexist with many other structures in a heterogeneous ensemble.
We probed structure formation in oligomers of a-synuclein, the intrinsically
disordered protein linked to Parkinson’s disease, by measuring how the
